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Determination of 24 Harmful Substances in Food Packaging Paper by GC-MS/MS
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ABSTRACT: The work aims to establish a method for the simultaneous determination of 24 harmful substances (17 PAEs
and 7 PCBs) and 7 polychlorobiphenyl (PCBs) in food packaging paper by GC-MS/MS. After sample treatment, 30 mL
isopropanol and internal standard solution were added accurately and gas chromatography tandem mass spectrometry was
used for detection after ultrasonic extraction for 40 min. Then, the internal standard method was adopted for quantifica-
tion. In the range of 0.02-1.0 mg/L, the linearity of fitting curves of the 24 compounds was good and the correlation coef-
ficient was in the range of 0.9945-1.0000. The limit of detection and the limit of quantitation were 0.0005-0.0028 and
0.0016-0.0089 pg/mL, respectively. The highest content in 6 kinds of food packaging paper was 26.53 mg/kg. The recov-
ery experiments were carried out to 24 compounds at low, medium and high levels and the average recovery rate was from
85.6% to 109.7%. The relative standard deviations within and between days were less than 6% (n=5) and 9% (n=3), re-
spectively and the recovery rate, repeatability and accuracy were good. This method is simple, rapid, accurate and reliable.

It is high-throughput and suitable for the simultaneous determination of 24 kinds of harmful substances in food packaging

paper.
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Fig.1 Total ion chromatogram of PAEs and PCBs
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Tab.1 GC-MS/MS parameters of PAEs, PCBs and internal standards
g socassk P e iy FErame T ggroamy  Faramg e
min H/eV H/eV
1 DMP 11.736 163 77 34 163 135 20
2 DEP 13.849 149 65 32 149 93 20
3 DAP 16.042 149 93 22 189.1 41.1 8
4 IS 16.478 91.1 65.1 38 105 77 20
5 PCB-18 16.649 186 151 38 256 221 36
6 DIBP 17.588 149 93.1 38 149 121 28
7 PCB-28 17.887 186 151 26 256 186 38
8 PCB-52 18.735 220 184.9 36 291.9 257 36
9 DBP 18.792 149 93 34 149 120.9 22
10 DMEP 19.228 149 93.1 24 149 65 24
11 BMPP 20.127 149 93.1 38 149 121 20
12 DEEP 20.586 149.1 93 38 149.1 65 26
13 PCB-101 20.818 254 218.9 36 325.9 290.9 26
14 DPP 21.046 149 65 34 149 93.1 26
15 PCB-138 22.779 289.9 255 34 359.8 324.9 28
16 DHXP 23.158 149 93.1 24 149 121 20
17 BBP 23.259 149 65.1 38 149 93 24
18 PCB-153 23.39 359.9 3249 36 290 218 25
19 DBEP 24.46 149 93.1 24 149 121 14
20 PCB-180 24916 3239 288.9 36 393.8 358.2 38
21 DCHP 24.993 149 93 20 167 149 14
22 DEHP 25.10 149 93 38 167 149 20
23 DPhP 25.258 225 77 38 77.1 51 16
24 DNOP 26.961 149 65 38 149 93 26
25 DNP 28.702 149 65 38 149 93 26
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Tab.2 Determination results of different extraction
solvent volumes

R /(mgkg )

FE Hix%
18 30 mL 40mL 50mL 60 mL
ol OFE DSk mREE DIBP 854 857 865  8.40
_ v J .

14} BCEE BZRZEE BIECK FES 1 DEHP 1612 1605 1643  16.28
~ 12} PCB-28 116 107 112 1.14
2
g 107 ‘ DBP 7.04 715 715 7.08
£ & Bl 2
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e %
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& Ffdh 3
x DEHP 1055 1043 1047  10.52
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Fig.2 Selection of extraction solvent
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Fig.3 Selection of extraction time
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Tab.3 Regression equations, LODs and LOQs of PAEs and PCBs

P HFrY A HERRE (R) B R /(mg L7 ERBR/(mg L™
1 DMP y=0.5968x-0.001 037 0.9996 0.0012 0.0038
2 DEP y=0.6893x-0.000 995 6 0.9997 0.0013 0.0042
3 DAP y=0.5214x-0.000 872 1 0.9996 0.0017 0.0057
4 PCB-8 y=0.2301x-0.000 151 4 0.9999 0.0005 0.0016
5 DIBP y=0.0936x-0.000 575 4 0.9992 0.0014 0.0046
6 PCB-28 y=0.1322x-0.000 201 9 0.9999 0.0005 0.0017
7 PCB-52 y=0.082 31x-0.000 297 9 0.9998 0.0005 0.0016
8 DBP y=0.3521x-0.001 156 0.9986 0.0015 0.0049
9 DMEP y=0.089 89x—0.001 234 0.9991 0.0019 0.0064
10 BMPP y=0.1593%-0.001 366 0.9982 0.0018 0.0062
11 DEEP y=0.090 42x-0.001 988 0.9994 0.0023 0.0076
12 PCB-101 y=0.085 49x—0.000 987 1 0.9999 0.0008 0.0026
13 DPP y=0.4529%-0.001 068 0.9979 0.0012 0.0039
14 PCB-138 y=0.1923x-0.000 498 1.0000 0.0008 0.0025
15 DHXP y=0.067 45x-0.000 976 0.9951 0.0010 0.0032
16 BBP y=0.1453%-0.001 878 0.9991 0.0021 0.0072
17 PCB-153 y=0.097 54x—0.000 764 5 0.9999 0.0007 0.0024
18 DBEP y=0.1343%-0.005 012 0.9945 0.0025 0.0084
19 PCB-180 y=0.050 98x—0.001 09 0.9995 0.0008 0.0025
20 DCHP y=0.2761x-0.007 121 0.997 0.0011 0.0037
21 DEHP y=0.2319%—-0.008 945 0.9999 0.0028 0.0089
22 DPhP y=0.4088x-0.005 733 0.9969 0.0017 0.0058
23 DNOP y=0.5123%-0.003 428 0.9965 0.0023 0.0076
24 DNP y=0.1389%x-0.006 241 0.9958 0.0026 0.0086
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Tab.4 Recovery rate and precisions of PAEs and PCBs at different concentrations

HA H 1]
R— [ I fi [ i fi
i/ R/ TR KR IR R R KR SR R R R
% % % % % % % % % % % %

1 DMP 104.2 5.1 98.5 4.7 95.8 43 98.5 7.5 95.7 4.6 92.8 3.9
DEP 103.0 3.5 99.8 3.1 96.8 2.7 97.9 6.5 93.2 53 96.4 4.5
DAP 105.3 4.9 97.5 3.9 103.9 33 101.2 4.9 92.2 6.4 95.4 6.8

PCB-18 98.5 3.5 96.6 4.6 103.2 53 91.2 5.8 95.7 5.8 93.8 5.9
DIBP 103.6 4.8 104.2 5.6 98.8 4.6 95.6 7.1 94.5 5.6 90.5 7.6

PCB-28 95.7 4.9 92.1 6.0 91.8 5.1 92.5 6.3 90.6 5.5 90.4 5.9

PCB-52 94.6 2.0 93.5 2.9 90.7 3.6 91.7 5.8 92.7 4.9 95.8 53
DBP 105.8 5.4 108.4 1.9 102.6 3.2 98.2 4.6 95.7 4.1 90.9 5.4

O 0 9 L AW

DMEP 101.1 5.8 95.7 3.2 97.8 4.2 90.1 3.9 88.4 4.2 91.6 6.7
10 BMPP 92.6 4.7 90.5 3.8 93.1 53 90.6 8.7 85.8 4.5 91.5 7.2
11 DEEP 98.7 5.4 94.1 4.5 93.7 5.1 94.1 7.2 92.8 8.9 93.2 6.5
12 PCB-101 933 2.5 90.4 5.0 91.5 4.7 93.8 4.0 91.4 5.7 93.0 5.1
13 DPP 109.7 4.8 102.9 3.6 96.7 4.2 95.6 8.1 96.8 4.6 93.6 7.9
14 PCB-138  91.7 3.6 92.8 2.1 90.2 2.6 91.8 6.2 93.9 5.5 88.5 5.1
15 DHXP 105.7 34 107.3 43 103.6 3.1 95.6 5.3 93.7 3.2 93.9 6.2
16 BBP 95.3 4.2 99.8 1.2 96.1 3.8 94.5 7.0 93.7 3.8 92.2 5.0
17 PCB-153  86.7 4.1 88.8 2.6 87.5 3.0 85.6 4.9 87.5 5.1 88.8 53
18 DBEP 104.1 4.9 102.5 4.2 98.2 2.6 97.4 6.0 95.6 3.1 93.8 2.9
19 PCB-180 108.6 2.6 105.4 3.1 104.8 2.3 105.7 4.8 108.1 4.2 100.8 4.6
20 DCHP 97.4 2.6 95.4 4.1 92.6 3.8 90.6 8.7 92.1 6.5 94.5 4.2
21 DEHP 94.8 3.5 96.8 4.6 95.8 4.1 95.4 5.3 92.5 3.2 91.7 7.3
22 DPhP 102.6 5.8 99.2 3.2 97.6 4.6 96.4 7.8 95.2 43 93.4 5.8
23 DNOP 98.1 5.2 94.4 3.0 96.4 2.2 93.7 6.9 92.2 5.1 90.7 6.3
24 DNP 96.0 4.1 97.4 4.7 94.6 3.1 94.6 4.9 93.2 7.2 91.6 5.1

R5 AEERKTH PAEs 1 PCBs 28
Tab.5 Contents of PAEs and PCBs in different samples

FE 5 SR DIBP/(mg-kg ") DBP/(mg-kg ") DEHP/(mgkg ™"
1" — 4.81 2.68
2" — — 6.47
3# — — 12.96
4* 2.42 5.76 18.35
5* — 7.06 3.02
6" — — —

W «—FoRREL, BisYnE =R DIBP Jy 0.138 mg/kg, DBP i 0.147 mg/kg, DEHP Jy 0.267 mg/kg
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